OBJECTIVES: With recent advances in radiology, the detection of ground-glass nodules (GGNs) has become increasingly common. However, there still is no consensus on management, especially on the need for systemic lymph node (LN) dissection. The purpose of this study was to evaluate the surgical outcomes on the basis of the extent of resection of the primary lesion and mediastinal LN dissection and to carefully suggest appropriate treatment strategies in the patients with pulmonary adenocarcinoma presenting as pure ground-glass opacities.
INTRODUCTION
A pure ground-glass nodule (GGN) is defined as a focal area of increased lung attenuation within which the margins of any normal structure, e.g. vessels, remain outlined, measuring up to 3 cm in greatest diameter in any plane [1] . Pathological GGNs are characterized by growth along pre-existing alveolar structures [1, 2] . With recent advances in radiology allowing widespread availability of the multi-detector computed tomography (CT), detection of GGNs has become increasingly common, which has improved our understanding of small peripheral, subsolid pulmonary nodules [1, 3, 4] . As lung cancer screening using low-dose CT becomes more widespread, according to the National Lung Cancer Screening Trial which showed that screening with low-dose chest CT reduces mortality from lung cancer by 20% in persons at high risk for lung cancer, the detection of GGNs will continue to increase [5, 6] .
The prevalence of pure, persistent GGNs was reported to be between 0.16 and 0.5% of the screened population [6] [7] [8] . Surgically resected growing nodules commonly showed high probability of being primary lung cancer, whereas the long-term course of GGNs seems to be relatively indolent [4, 7, [9] [10] [11] . The growth rate of pure GGNs ranges between 9.8 and 58% depending on the inclusion criteria of study population and follow-up period [4, [6] [7] [8] [9] . It is reasonably accepted that an initial nodule size larger than 10 mm was significantly associated with GGN growth [1, 4, 6, 7, 9] . The radiological GGNs included pathologically atypical adenomatous hyperplasia, adenocarcinoma in situ, minimally invasive adenocarcinoma and conventional acinar and papillary adenocarcinoma with minor lepidic growth around the periphery of the tumour [4, 7, 9] .
For surgical treatment of GGNs, sublobar resection is a reasonable recommendation; however, there is no consensus with regard to acceptable sizes for limited resection or the necessity of systemic N1 or N2 node sampling [3, 4] . Previous studies demonstrated that bronchioloalveolar carcinoma rarely metastasizes to lymph nodes (LNs); however, radiological GGNs may include invasive adenocarcinoma, and it is also difficult to perform Noguchi classification on an uninflated, typically stained frozen section or core-biopsied specimens [12, 13] . Furthermore, there were several cases of node-positive adenocarcinoma initially presenting as a pure GGN which rapidly progressed to mixed or solid adenocarcinoma [7, 9, 14] .
Until recently, we have routinely performed anatomical resection and mediastinal LN dissection in all cases of confirmed adenocarcinoma as the standard treatment when the frozen section was reported as adenocarcinoma [15] . We decided to evaluate surgical outcomes on the basis of the extent of the resection and mediastinal LN dissection, and to suggest appropriate treatment strategies in patients with pulmonary adenocarcinoma presenting with pure ground-glass opacities.
MATERIALS AND METHODS

Patients and radiological evaluation
From January 2006 to December 2010, 1267 patients with pulmonary adenocarcinoma, including adenocarcinoma in situ, underwent curative-intent surgical resection. Of those, pure GGNs were confirmed in 48 patients on preoperative chest CT by an experienced radiologist (Eun Jin Chae). We reviewed CT images that had been conducted within 1 month before the surgery. CT scans were performed by using one of two CT systems (Sensation 16, Siemens Medical System, Erlangen, Germany; LightSpeed 16, GE Healthcare, Milwaukee, WI, USA). CT parameters were as follows: beam pitch, 1; rotation time, 0.5 s; tube voltage, 140 kVp and tube current, 200 mA. Image series were reconstructed as 1 mm slice thickness of a high-frequency algorithm and 3-5 mm slice thickness of a standard algorithm. If the radiologist reported the lesion to be highly suspected for malignancy in cases of persistent GGNs >10 mm or growing GGNs during the follow-up period, we decided to perform surgical resection. The decision with regard to the extent of resection depended largely on the individual surgeon; however, we routinely performed lobectomy and complete mediastinal LN dissection even in the cases of GGN, except for peripherally located small lesions or multiple lesions during the study period. In the cases that the radiological report was uncertain, we re-evaluated the lesions with chest CT 3 and 6 months later and annually according to radiological recommendation. We excluded any patients with non-cured malignancy or with other solid nodules or mixed GGNs. We retrospectively reviewed the perioperative clinical and pathological data, and postoperative and follow-up outcomes. This study was reviewed and approved by the Institutional Review Board of Asan Medical Center (IRB no. S2013-0942-0003).
Definition
The definition of pure GGN was based on the statement written in the Introduction section, and technically tumour shadow disappearance rate (TDR) was checked, and in the cases that TDR was zero the lesions were reported as pure GGN [7] . Systemic LN dissection or sampling was defined as the removal or sampling of more than six LNs, including at least one LN at levels 4, 7 and 10 each for right-sided tumours and at levels 5 or 6 and 7 for leftsided tumours [16] . Any suspicious LNs were also biopsied. The duration of preoperative nodule follow-up was defined as the time from the date of the initial low-dose CT scan to the date of the first operation. The data are presented as n (%) or median (range) unless otherwise stated.
RESULTS
Patients' characteristics and preoperative evaluation
A total of 48 patients were enrolled; patient demographics with radiological findings are summarized in Table 1 . Chest CT was used for screening in 33 patients and for evaluating other benign diseases in 11, including chronic cough in 5 and dyspnoea in 3, and for preoperative evaluation of benign disease in 4, such as uterine myoma, solitary fibrous tumour, oesophageal submucosal tumour and nasal cyst in each. The median age was 56 (35-78) years, and 26 (54%) patients were male. Three patients had a history of cured malignancy, early prostate cancer 4 years ago, cervical cancer 6 years ago and renal cell carcinoma 17 years ago. Among the 48 patients, 64 GGNs were identified at the time of initial operation, and 8 (17%) had multiple GGNs in the same or other lobes with the median number of 2 (2-6). Twenty-seven (56%) patients never smoked. The median size of GGNs was 12 (5-30) mm, and the median duration between the initial diagnosis and initial operation was 5 (0-45) months. During the preoperative follow-up, 11 (23%) patients showed an increase in size, and 9 underwent operation within a month after their initial diagnosis. We performed positron emission tomography (PET)/CT as preoperative evaluation in 36 patients, where none of them showed any significant metabolic uptake, with median maximum standardized uptake value (SUV) of 1.2 (0.7-2.6).
Operation and pathology
Among the 64 GGNs from 48 patients, a total of 55 lesions were resected using 32 lobectomies, 4 segmentectomies and 17 wedge resections. Cases consisting of lobectomies with wedge resection in other lobes were considered as lobectomy cases (see Table 2 ). During the operation, we checked frozen sections of the primary mass, bronchial resection margins for the lobectomy cases, and grossly nearest resection margins for cases resulting in limited resection. Clear resection margins were reported for all cases except in one wedge resection case where the frozen section could not identify the GGN. The final pathological report confirmed the diagnosis of adenocarcinoma in situ. The final pathological reports also confirmed clear resection margins in all patients; however, in 8 cases, the margins from the tumour to the resected edge were less than 1 cm. There were 6 patients with GGNs ≥20 mm, all of which underwent lobectomy and mediastinal LN dissection. In 10 cases, we marked the lesion with a hook wire preoperatively under CT guidance. Systemic mediastinal LN dissection or sampling was performed in 42 (88%) patients, and the median number of dissected LNs was 23 (7-53). All LNs were pathologically confirmed to THORACIC be negative for malignancy. There were 25 pathologically confirmed cases of adenocarcinoma in situ (including formerly bronchioloalveolar carcinoma), 20 with adenocarcinoma with lepidic predominant pattern, 4 with adenocarcinoma with acinar predominant pattern, 3 with adenocarcinoma with papillary dominant and 3 were reported as well-differentiated adenocarcinoma. The pathologically confirmed median size was 12 mm (3-26). Six specimens were checked for epidermal growth factor receptor (EGFR) mutation, and 3 patients showed abnormalities, namely, deletion in 18, deletion in 19 and mutation in 21.
Operative outcomes
The median postoperative length of stay was 5 (2-12) days. Two patients suffered from postoperative prolonged air leakage, which were controlled with pleurodesis only. The median follow-up duration was 39 (23-77) months. No cases of early and late deaths occurred during the follow-up period, nor were there any cases of local recurrence or nodal metastasis. In 6 (13%) patients, recurrent GGNs were identified in remnant lung during the follow-up period. There were 2 cases of reoperation for remnant or newly appearing GGNs, which were confirmed to be adenocarcinoma in situ in 1 and adenocarcinoma with lepidic predominant pattern in 1.
DISCUSSION
Patient demographics, including median age, sex ratio, rate of multiple lesions, smoking history and the median size of GGNs of our study, were comparable with previous reports [6, 7, 9] . Growth of GGNs was reported in 11 (23%) patients, and considering the 9 patients who underwent operation at the time of diagnosis, the prevalence of growing GGNs might have been higher than previously reported. We performed preoperative PET/CT as part of the routine evaluation of suspected primary lung cancer. In our study, 36 (75%) patients were evaluated using PET/CT; however, there were no cases of significant metabolic uptake. As previously reported, there is little value in routine preoperative PET scans, as they provide no additional information with regard to managing GGNs [1, 3, 8] . We used hook wire marking in 10 (21%) cases, with the ratio being lower than other reported operative cases [17] . This was because we performed lobectomy in two-thirds of the cases rather than wedge resection, and hence there was no need for localization. In our study, all radiologically confirmed GGNs that underwent surgical resection were found to be malignant, including 25 cases of adenocarcinoma in situ, 20 cases of adenocarcinoma with lepidic predominant pattern and 10 cases of other type invasive adenocarcinoma; it is dangerous to assume that all pure GGNs are adenocarcinoma in situ or lepidic predominant adenocarcinoma [3] . We checked EGFR mutation status in some patients, with half of them demonstrating EGFR mutations. However, the medical necessity is questionable because recurrences are very rare, and a second lesion is considered to be a second primary lung cancer rather than metastasis [3, 18] . With regard to operative outcomes, the GGNs followed an indolent clinical course postoperatively. Recently well-described review articles and guidelines for the management of persistent GGNs have been suggested; however, the optimal duration of the follow-up for pure GGNs, the extent of surgical resection and mediastinal LN dissection, and the precise role of frozen section and resection margin has yet to be determined [3, 8, [19] [20] [21] . We found some cases in the literature where the lesions were once pure GGNs then changed to a partly solid nodule and metastasized to mediastinal LNs, converted into rapidly progressive GGNs or stepwise progression to invasive adenocarcinoma [7, 9, 14] . Another point to emphasize is that surgical resection of these lesions is largely safe, with virtually no cases of mortality or major morbidity. Hence, surgical resection should be strongly considered in these patients, especially when lesions are growing or larger than 10 mm, as size is a well-known risk factor for growth [6, 7, 9] . With regard to the extent of surgical resection, limited resection is acceptable in feasible cases, although some GGNs were invasive adenocarcinomas. This is because, even in cases where limited resection was performed, there were no cases of local recurrence or mediastinal LN metastasis, supporting previous data, and those with pure GGNs had a relatively high probability of second primary GGNs in other lobes (6 (12.5%) patients in our study) and if these patients were to undergo lobectomy, a second surgical resection would be limited, especially in the cases with central locations [17] . In centrally located GGNs, a careful risk-benefit analysis should be conducted; however, in our series, lobectomy was safely performed with minimal adverse events. We performed thorough mediastinal LN dissection in the majority of patients with the median number of dissected LNs being 23 , and there were no cases of LNs being positive for malignancy. Furthermore, we did not find any cases of nodal involvement if the patient underwent surgery when the lesions were pure GGN [4, 7, 22, 23] . Recently, there have been an increasing number of studies reporting that limited resection rather than lobectomy is sufficient for the treatment of pure GGN type primary lung cancer, and systematic nodal dissection may not be required [1, 3, 4, [19] [20] [21] . The accuracy for predicting invasiveness of GGNs or resection margin by frozen section is controversial. In our series, 1 case of wedge-resected 9-mm adenocarcinoma in situ was reported as inflammation on frozen section, and the true resection margins were difficult to determine, as stapler cartridges were used [19] . We had 8 cases in which wedge resections were reported as having resection margins <1 cm after the stapler line was removed; however, there were no cases of recurrence for a median follow-up of 38 (26-56) months; this might be because of the nature of the GGN (in other words, the recurrence of GGN around stapled areas is difficult to detect) or because a resection margin of <1 cm might be enough to control the pure GGNs if complete resection is confirmed.
In conclusion, when radiologically persistent, pure GGNs are detected and are highly suspected as primary lung cancer, surgical resection should be considered. The clinical course of pure GGNs is in general indolent; hence, the decision as to perform surgical resection rests primarily on safety. If feasible, limited sublobar resection can be performed when complete resection is obtained, and mediastinal LN dissection might not be necessary.
